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(54) Fuel cell generator with control and measuring system of the carbon monoxide amount in 
the fuel gas 



(57) The fuel cell generator system of the present 
invention effectively cancels catalyst poisoning in fuel 
cells so as to improve the performance of fuel cells. In 
the fuel cell generator system (200) of the invention, a 
carbon monoxide sensor (1 ) is arranged in the middle of 
a gaseous fuel supply conduit, which connects fuel cells 
(210) with a reformer (21 6A) for converting methanol and 
water to a hydrogen-rich gaseous fuel . An electronic con- 
trol unit (230) of the fuel cell generator system reads the 
carbon monoxide sensor to input a concentration of car- 

Fig. 1 
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bon monoxide D included in the gaseous fuel (step 
S250). When the carbon monoxide concentration D 
obtained is greater than a preset level DO, the electronic 
control unit increases the air flow fed to a partial oxidizing 
unit of the reformer (step S270). This accelerates the 
reaction in the partial oxidizing unit (21 6C) for oxidizing 
carbon monoxide to carbon dioxide, thereby lowering the 
concentration of carbon monoxide included in the gase- 
ous fuel. 
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Descripti n 

BACKGROUND OF THE INVENTION 

Reld of the Inventi n 

The present invention relates to a fuel cell generator 
including a reformer for generating a gaseous fuel and a 
fuel cell which a supply of the gaseous fuel from the 
reformer is fed to. and also to a method of the same. 

Description of the Related Art 

Fuel cells are known apparatus in which the chem- 
ical energy of a fuel is converted directly into electrical 
energy. Each fuel cell generally includes a pair of elec- 
trodes arranged across an electrolyte, wherein the sur- 
face of one electrode is exposed to a reactive hydrogen- 
rich gaseous fuel while the surface of the other electrode 
being exposed to an oxidizing gas containing oxygen. 
The electrical energy is generated between the elec- 
trodes through the electrochemical reactions proceeding 
by the exposure. 

In general, the gaseous fuel supplied to such fuel 
cells is generated by a reformer, which steam-reforms 
methanol to a hydrogen-rich gaseous fuel. The reformer 
typically includes a reformer unit for receiving supplies 
of methanol and water and allowing a reaction of decom- 
posing methanol expressed by Equation (1) given below 
and a reaction of oxidizing carbon monoxide expressed 
by Equation (2) given below to proceed simultaneously 
so as to generate a reformed gas containing hydrogen 
and carbon dioxide. Equation (3) represents a whole 
reforming process given as a total of the reactions of 
Equations (1) and (2). The reformer also includes a shift 
unit tor receiving a supply of the reformed gas from the 
reformer unit and converting water and non-reacted car- 
bon monoxide included in the reformed gas to hydrogen 
and carbon dioxide through the oxidizing reaction of 
Equation (2). thereby generating a hydrogen-rich gase- 
ous fuel. 

CH3OH CO 2H2 - 21.7 kcal/mol (1) 

CO + H2O ^ CO2 + H2 + 9.8 kcal/mol (2) 

CH3OH -I- H2O CO2 -f- 3H2 - 1 1 .9 kcal/mol (3) 

The rate of reaction of Equation (1 ) may be differ- 
ent from the rate of reaction of Equation (2). depending 
upon the reaction conditions, such as temperature and 
pressure. Carbon monoxide (CO) generated by the reac- 
tion of Equation (1) accordingly remains in the gaseous 
fuel. Cartx)n monoxide included in the gaseous fuel is 
adsorbed by platinum catalyst or platinum-containing 
alloy catalyst on the fuel electrode and interferes with the 
catalytic action of platinum. This is generally referred to 
as poisoning of catalyst. The performance of fuel cells is 



undesirably lowered according to the concentration of 
carbon monoxide included in the gaseous fuel. 

SUMMARY OF THE INVENTION 

5 

The object of the present invention is thus to effec- 
tively cancel catalyst poisoning in a fuel cell so as to 
improve the performance of a fuel cell. 

The above and the other related objects are realized 
10 by a fuel cell generator, which comprises: a reformer for 
reforming an original fuel to generate a hydrogen-con- 
taining gaseous fuel, a fuel cell comprising a pair of elec- 
trodes with a catalyst carried thereon, the fuel cell 
receiving the gaseous fuel fed to the electrodes thereof 
15 and generating an electromotive force through an elec- 
trochemical reaction of the gaseous fuel, carbon monox- 
ide measurement means for measuring concentration of 
carbon monoxide included in the gaseous fuel; and 
reformer operation control means for controlling opera- 
te tion of the reformer according to the concentration of car- 
bon monoxide measured by the carbon monoxide 
measurement means, thereby decreasing the concen- 
tration of carbon monoxide included in the gaseous fuel. 
Hereinafter the fuel cell generator thus constructed 
25 may be referred to as the fuel cell generator of essential 
structure. In this structure, the reformer operation control 
means controls the operation of the reformer according 
to the concentration of cart>on monoxide measured by 
the carbon monoxide measurement means, thereby 
30 decreasing the concentration of carbon monoxide 
included in the gaseous fuel. An increase in concentra- 
tion of carbon monoxide included in the gaseous fuel 
results in poisoning the catalyst carried on the electrodes 
of the fuel cell. This structure, however, effectively lowers 
35 the concentration of carbon monoxide to cancel the cat- 
alyst poisoning, thus improving the performance of the 
fuel cell. 

In the fuel cell generator of essential structure, the 
fuel cell generator further comprises a first flow path for 

40 supplying the gaseous fuel to the fuel cell, a second flow 
path for discharging a residual gas of the gaseous fuel 
from the fuel cell, and wherein the carbon monoxide 
measurement means comprises a carbon monoxide 
sensor disposed in the second ftow path. 

45 The primary advantage of this disposition of a car- 
bon monoxide sensor in the second flow path is to allow 
an increase in concentration of carbon monoxide to be 
detected at the earlier stage than the disposition of the 
same carbon monoxide sensor (that is. the carbon mon- 

50 oxide sensor having the same detectable range of car- 
bon monoxide) in the first flow path. The fuel cell 
generator of this arrangement can accordingly predict 
occurrence of the catalyst poisoning at its earlier stage, 
thereby effectively canceling the catalyst poisoning and 

55 further improving the performance of the fuel cell. 

In the fuel cell generator of essential structure, the 
fuel cell generator further comprises: a first flow path for 
supplying the gaseous fuel to the fuel cell, a second flow 
path for discharging a residual gas of the gaseous fuel 
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from the fuel cell; and wherein the carbon monoxide 
measurement means comprises: a first carbon monox- 
ide sensor disposed in the first flow path; a second car- 
bon monoxide sensor disposed In the second flow path. 

In this alternative structure, the first carbon monox- 
ide sensor and the second carbon monoxide sensor are 
respectively disposed before and after the fuel cell in the 
flow path of gaseous fuel. The results of detection with 
the two carbon monoxide sensors show whether an 
increase in concentration of carbon monoxide is attrib- 
uted to an increase in concentration of carbon monoxide 
included in the gaseous fuel generated by the reformer 
or to an increase in hydrogen utilization rate in the fuel 
cell. This structure comprehensively examines an 
iricrease in concentration of carbon monoxide and con- 
trols the operation of the reformer according to the con- 
centration of carbon monoxide measured by the first and 
the second carbon monoxide sensors. This results in 
decreasing the concentration of carbon monoxide 
included in the gaseous fuel from the reformer without 
delay, thereby effectively canceling the catalyst poison- 
ing and further improving the performance of a fuel cell. 

According to another preferable structure, the car- 
bon monoxide measurement means comprises a first 
carbon monoxide sensor having a first sensitivity of 
detection, and a second carbon monoxide sensor having 
a second sensitivity of detection, which is different from 
the first sensitivity of detection. 

In this preferable structure, the use of two cartxDn 
monoxide sensors with different sensitivities of detection 
favorably widens the detectable range of carbon monox- 
ide. The fuel cell generator of this structure can control 
the operation of the reformer according to the concen- 
tration of carbon monoxide measured by the first and the 
second carbon monoxide sensors, thereby decreasing 
the concentration of carbon monoxide included in the 
gaseous fuel from the reformer without delay. 

In the fuel cell generator having the first and the sec- 
ond carbon monoxide sensors with different sensitivities 
of detection, each of the first carbon monoxide sensor 
and the second carbon monoxide sensor may comprise: 
an electrolyte membrane; first and second electrodes 
with a catalyst carried thereon, the first and second elec- 
trodes being arranged across the electrolyte membrane; 
a gaseous fuel supply conduit for supplying the gaseous 
fuel to the first electrode; an oxygen gas supply conduit 
for supplying an oxygen-containing gas to the second 
electrode; and potential difference detection means for 
measuring a potential difference between the first and 
second electrodes while a predetermined toad Is con- 
nected to the first and second electrodes. According to 
one preferable application, the first carbon monoxide 
sensor includes platinum as the catalyst, and the second 
carbon monoxide sensor includes a platinum-containing 
alloy as the catalyst. 

The two carbon monoxide sensors are adjusted to 
have different sensitivities of detection only by applying 
different catalysts to the two carbon monoxide sensors. 



one with a platinum catalyst and the other with a plati- 
num-containing alloy catalyst. 

In the fuel cell generator having the first and the sec- 
ond carbon monoxide sensors with different sensitivities 

5 of detection, each of the first carbon monoxide sensor 
and the second cartx)n monoxide sensor may comprise: 
an electrolyte membrane; first and second electrodes 
with a catalyst can-ied thereon, the first and second elec- 
trodes being arranged across the electrolyte membrane; 

10 a gaseous fuel supply conduit for supplying the gaseous 
fuel to the first electrode; an oxygen gas supply conduit 
for supplying an oxygen-containing gas to the second 
electrode; and potential difference detection means for 
measuring a potential difference between the first and 

15 second electrodes while a predetermined load is con- 
nected to the first and second electrodes. In accordance 
with one preferable application, either one of the first car- 
bon monoxide sensor and the second carbon monoxide 
sensor is further provided with temperature control 

20 means for controlling temperature of the first electrode. 
The sensitivity of detection of carbon monoxide Is 
adjustable in the carbon monoxide sensor with the tem- 
perature control means. The two carbon monoxide sen- 
sors are controlled to have different sensitivities of 

25 detection by applying the temperature control means to 
one of the carbon monoxide sensors. 

In the fuel cell generator of essential structure, the 
reformer preferably comprises a reformer unit for con- 
verting methanol and water to a reformed gas containing 

30 hydrogen and carbon dioxide, and a partial oxidizing unit 
for oxidizing carbon monoxide generated as a by-product 
of the reformed gas. In this preferable structure, the 
reformer operation control means is further provided with 
partial oxidizing unit control means for comparing the 

35 concentration of carbon monoxide measured by the car- 
bon monoxide measurement means with a first preset 
value, and increasing an air flow fed to the partial oxidiz- 
ing unit when the measured concentration of carbon 
monoxide is greater than the first preset value. 

40 In this preferable structure, the airflow fed to the par- 
tial oxidizing unit of the reformer is increased when the 
concentration of carbon nrranoxide measured by the car- 
bon monoxide measurement means is greater than a 
first preset value. This accelerates the reaction in the par- 

45 tial oxidizing unit for oxidizing carbon monoxide included 
in the gaseous fuel, thereby reducing the concentration 
of carbon monoxide. This structure can thus effectively 
cancel the catalyst poisoning and improve the perform- 
ance of the fuel cell. 

50 In the fuel cell generator of this structure, the fuel 
cell generator may further comprise: a first flow path for 
supplying the gaseous fuel to the fuel cell; and a second 
flow path for discharging a residual gas of the gaseous 
fuel from the fuel cell; and wherein the carbon monoxide 

55 measurement means comprises: a first carbon monox- 
ide sensor disposed in the first flow path, for generating 
a first output representing the concentration of carbon 
monoxide, the first output being conpared with the first 
present value by the partial oxidizing unit control means; 
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and a second carbon monoxide sensor disposed in the 
second flow path, for generating a second output repre- 
senting the concentration of carbon monoxide. It is pref- 
erable that the fuel cell generator further comprises 
means for suspending operation of the fuel cell when the 5 
first output is greater than the first preset value and the 
second output is greater than a second preset value, 
which is greater than the first preset value. 

In this preferable structure, the means suspends the 
operation of the fuel cell, when the concentration of car- 10 
bon monoxide measured before the fuel cell in the flow 
path of gaseous fuel is greater than a first preset value 
and when the concentration of carbon monoxide meas- 
ured after the fuel cell is greater than a second preset 
value, which is greater than the first preset value. The is 
two conditions are futfiiled only when the gaseous fuel 
generated by the reformer includes carbon monoxide of 
high concentration and the gas utilization rate in the fuel 
cell is relatively high. Under such conditions, there is no 
hope of recovery from catalyst poisoning, and the sus- 20 
pended operation of the fuel cell desirably protects the 
fuel cell and the surrounding elements from significant 
damages. 

In accordance with one preferable application of the 
invention, the fuel cell generator further comprises: gas 25 
utilization calculation means for calculating a degree of 
utilization of the gaseous fuel in the fuel cell as a gas 
utilization rate: and gas utilization rate decreasing means 
for inactivating the reformer operation control means and 
controlling operation of the reformer to decrease the gas 30 
utilization rate when the gas utilization rate is greater 
than a predetermined level. 

in this structure, the gas utilization rate decreasing 
means inactivates the reformer operation control means 
and controls operation of the reformer to decrease the 35 
gas utilization rate, when the gas utilization rate calcu- 
lated by the gas utilization rate calculation means is 
greater than a predetermined level. An increase in con- 
centration of carbon monoxide is attributed mainly to an 
increase in concentration of carbon monoxide included 40 
in the gaseous fuel generated by the reformer or to an 
increase in gas utilization rate in the fuel cell. This struc- 
ture reduces the concentration of carbon monoxide 
under the cordition that the gas utilization rate exceeds 
the predetermined rate, thereby effectively canceling the 45 
catalyst poisoning and further improving the perform- 
ance of the fuel cell. 

In the fuel cell generator of essential structure, the 
carbon monoxide measurement means preferably com- 
prises: an electrolyte membrane; first and second elec- so 
trodes with a catalyst carried thereon, the first and 
second electrodes being arranged across the electrolyte 
membrane; a gaseous fuel supply conduit for supplying 
the gaseous fuel to the first electrode; an oxygen gas 
supply conduit for supplying an oxygen-containing gas 55 
to the second electrode; and potential difference detec- 
tion means for measuring a potential difference between 
the first and second electrodes while a predetermined 
load is connected to the first and second electrodes. 



The carbon monoxide measurement means of this 
structure measures the concentration of carbon monox- 
ide by taking advantage of the principle of converting 
chemical energy to electrical energy in the fuel cell. A 
supply of gaseous fuel is fed to the first electrode via the 
gaseous fuel supply conduit, whereas an oxygen gas is 
fed to the second electrode via the oxygen gas supply 
conduit. The chemical energy of the gaseous fuel is con- 
verted to electrical energy by electrochemical reactions, 
and an electromotive force or potential difference is gen- 
erated between the first and the secorxi electrodes 
across the electrolyte membrane. In the carbon monox- 
ide measurement means, a predetermined load is con- 
nected to the first and the second electrodes so as to 
make the electrochemical reactions continuously pro- 
ceed. The potential difference detection means then 
measures the potential difference between the two elec- 
trodes. Like the known a fuel cell, the potential difference 
detected by the potential difference detection means is 
decreased by poisoning of the catalyst with carbon mon- 
oxide. The potential difference accordingly represents 
the degree of catalyst poisoning and thereby the concen- 
tration of carbon monoxide. 

The measurement of carbon monoxide by this prin- 
ciple is not affected by the presence of hydrogen. The 
carbon monoxide measurement means of this structure 
can accordingly measure, with high precision, the con- 
centration of carbon monoxide included in a hydrog en- 
rich gas containing an extremely large amount of hydro- 
gen and only a trace amount of cart)on monoxide, such 
as a gaseous fuel fed to the fuel cell. This preferable 
structure appropriately controls the reformer to decrease 
the concentration of carbon monoxide withoutdelay. thus 
effectively canceling the catalyst poisoning. 

The invention is also directed to a method of gener- 
ating electrical energy with a fuel cell comprising a pair 
of electrodes with a catalyst carried thereon. The method 
comprises the steps of: 

(a) reforming an original fuel to generate a hydro- 
gen-containing gaseous fuel; 

(b) feeding the gaseous fuel to the electrodes of the 
fuel cell; 

(c) measuring concentration of carbon monoxide 
included in the gaseous fuel; and 

(d) controlling generation of the gaseous fuel in the 
step (a) according to the concentration of cartx)n 
monoxide measured in the step (c). thereby 
decreasing the concentration of carbon monoxide 
included in the gaseous fuel. 

These and other objects, features, aspects, and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
preferred embodiments with the accompanying draw- 
ings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating structure of a 
fuel cell generator system 200 as a first embodiment 
according to the present invention; 
Fig. 2 is a vertical cross sectional view schematically 
illustrating structure of the carbon monoxide sensor 
1 of the first embodiment: 

Fig. 3 is a graph showing a relationship between the 
concentration of carbon monoxide included in the 
gaseous fuel and the potential difference measured 
with the voltmeter 32; 

Fig. 4 is a cross sectional view illustrating a unit cell 
structure in the stack of fuel cells 210; 
Fig. 5 is a flowchart showing a control routine exe- 
cuted by the CPU 232 of the electronic control unit 
230 in the first embodiment; 
Fig. 6 is a block diagram illustrating structure of 
another fuel cell generator system 300 as a second 
embodiment according to the invention; 
Fig. 7 is a graph showing the concentration of carlDon 
monoxide plotted against the position in fuel cells at 
various utilization rates of hydrogen; 
Fig.. 8 is a block diagram illustrating structure of still 
another fuel cell generator system 400 as a third 
embodiment according to the invention; 
Fig. 9 is a flowchart showing a control routine exe- 
cuted by the CPU 232 of the electronic control unit 
230 in the third embodiment; 
Fig. 1 0 is a flowchart showing a control routine exe- 
cuted by the CPU 232 of the electronic control unit 
230 in a fourth embodiment of the invention; 
Fig. 11 is a block diagram illustrating structure of 
another fuel cell generator system 600 as a fifth 
embodiment according to the invention; 
Fig. 12 is a flowchart showing a control routine exe- 
cuted by the CPU 232 of the electronic control unit 
230 in the fifth embodiment; 
Fig. 13 is a block diagram illustrating structure of 
another fuel cell generator system 700 as a sixth 
embodiment according to the invention; 
Fig. 14 is a flowchart showing a control routine exe- 
cuted by the CPU 232 of the electronic control unit 
230 in the sixth embodiment; 
Fig. 15 is a graph showing a relationship between 
the temperature of the carbon monoxide sensor 1 
and the potential difference; and 
Fig. 16 is a vertical cross sectional view schemati- 
cally illustrating structure of another carbon monox- 
ide sensor 801 as a seventh embodiment according 
to the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is a block diagram illustrating structure of a 
fuel cell generator system 200 as a first embodiment 
according to the present invention. The fuel cell genera- 
tor system 200 includes a stack of polymer electrolyte 
fuel cells 21 0 for generating electrical energy, a reformer 



216 for generating hydrogen-rich gas from methanol 
stored in a methanol reservoir 212 and water stored in a 
water reservoir 214, a gaseous fuel supply conduit 218 
for feeding the hydrogen-rich gas generated by the 

5 reformer 21 6 as a gaseous fuel to the stack of fuel cells 
210, and a gaseous fuel discharge conduit 220 for dis- 
charging the residual gas from the stack of fuel cells 210. 
The fuel celt generator system 200 is further provided 
with a cartx)n monoxide sensor 1 in the middle of the 

70 gaseous fuel supply conduit 218. An electronic control 
unit 230 receives output signals of the cartx^n monoxide 
sensor 1 and executes a variety of control processes, 

A detailed structure of the carbon monoxide sensor 
1 is given below. 

15 Rg. 2 is a vertical cross sectional view illustrating a 
carbon monoxide sensor 1 as a first embodiment accord- 
ing to the invention. The carbon monoxide sensor 1 
includes an electrolyte membrane 10, a pair of elec- 
trodes 12 and 14 arranged across the electrolyte mem- 

20 brane 1 0 to form a sandwich structure, a pair of meshed 
metal plates 16 and 18 disposed across the sandwich 
structure to prevent deflection of the sandwich structure, 
a pair of holders 20 and 22 for supporting the sandwich 
structure as well as the pair of meshed metal plates 16 

25 arxJ 1 8, and an insulating member 24 for connecting the 
holders 20 and 22 with each other under electrically insu- 
lating conditions. 

The electrolyte membrane 10 is composed of solid 
polymer material, such as fluororesin, to be proton-con- 

30 ductive. The electrodes 12 and 14 are made of carbon 
cloth woven of carbon fibers, where carbon powder with 
platinum catalyst carried thereon is inserted into pores 
of the carbon cloth. 

The electrolyte membrane 10 and the pair of elec- 

35 trodes 1 2 and 1 4 are joined together according to one of 
the following methods: 

(1 ) Catalyst powder prepared in advance by making 
platinum carried on the surface of carbon powder is 

40 applied onto the surface of electrode bases (carbon 
cloth or carbon paper). The electrolyte membrane 
10 and the electrode bases are then integrated by 
hot pressing. 

(2) Catalyst powder prepared in advance by making 
45 platinum carried on the surface of carbon powder is 

applied onto the surface of electrode bases. The 
electrolyte membrane 10 and the electrode bases 
are subsequently joined together by means of a 
solution of proton-conductive solid polymer 

50 (3) Catalyst powder prepared in advance by making 
platinum carried on the surface of carbon powder is 
dispersed in an appropriate organic solvent to form 
-paste. The paste is applied on the surface of the 
electrolyte membrane 1 0 by a known technique, like 

55 screen printing. The electrolyte membrane 10 and 
electrode bases are subsequently integrated by hot 
pressing. 

(4) Platinum is carried on the surface of the electro- 
lyte membrane 10 by sputtering, vapor deposition, 
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CVD, PVD. or another method of thin film formation. 
The electrolyte membrane 10 and electrode bases 
are subsequently integrated by hot pressing. 

Carbon powder with platinum catalyst carried ther- 5 
eon is prepared in the following manner. An aqueous 
solution of chloroplatinic acid is mixed with sodium thio- 
sulfate to yield an aqueous solution of platinum sulfite 
complex. Hydrogen peroxide is added dropwise to the 
aqueous solution of platinum sulfite with stirring, so that w 
platinum colloidal particles are deposited in the aqueous 
solution. CarlxDn black working as a carrier is then added 
to the aqueous solution with stirring, so that the platinum 
colloidal particles adhere to the surface of carbon black. 
Examples of applicable carbon black indude Vulcan XC- is 
72 (trade name by CABOT Corp.. the USA) and Denka 
Black (trade name by DENKI KAGAKU KOGYO K.K). 
The carbon black with platinum particles adhering 
thereto is separated by filtration under reduced pressure 
or pressure filtration of the aqueous solution, washed 20 
repeatedly with deionized water, and completely dried at 
room temperature. The dried carbon black aggregate is 
ground with a grinder and heated in a reducing hydrogen 
atmosphere at 250°C through SSO^C for approximately 
2 hours for reduction of platinum on the carbon black and 25 
complete removal of the remaining chlorine. 

The carrying density of platinum onto carbon black 
in the resulting platinum catalyst powder thus prepared, 
that is. the ratio of the weight of platinum carried on the 
carbon surface to the weight of carbon, is adjusted by 30 
varying the ratio of the quantity of chloroplatinic acid to 
the quantity of carbon black. Preparation of platinum cat- 
alyst powder is not limited to this method, but any other 
method is applicable as long as it ensures sufficient cat- 
alytic activities. 35 

For the clarity of explanation, catalyst powder pre- 
pared above contains only platinum as a catalytic com- 
ponent. An alloy catalyst containing platinum as a 
primary component and one or the plural selected out of 
the group including ruthenium, nickel, cobalt, vanadium. 40 
palladium, indium, iron, chromium, and manganese, as 
a secondary component may. however, be used in place 
of platinum catalyst. 

Preparation of platinum- ruthenium catalyst powder, 
that is. carbon black with platinum-ruthenium alloy cata- 45 
lyst carried thereon, is explained as an example of alloy 
catalyst. The platinum catalyst powder (carbon black 
with platinum catalyst carried thereon) prepared in the 
above manner is dispersed in deionized water with stir- 
ring. An aqueous solution of ruthenium chloride in limited so 
amounts is added to the dispersion with stirring, and an 
aqueous solution of sodium carbonate in limited 
amounts is further added to the dispersion with stirring, 
so that ruthenium particles are deposited on the platinum 
catalyst-carrying carbon black. The platinum catalyst- 55 
carrying carbon black with ruthenium particles adhering 
thereto is separated by filtration urxier reduced pressure 
or pressure filtration of the solution mixture, washed 
repeatedly with deionized water, and suffidently dried at 



room tennperature. The dried cart)on black aggregate is 
ground with a grinder and heated in a reducing hydrogen 
atmosphere at 250°C through 350'C for approximately 
2 hours for reduction of platinum and ruthenium on the 
carbon black and complete removal of the remaining 
chlorine taken up during the deposition of ruthenium. 
The cartKDn black with platinum and ruthenium carried 
thereon is heated In a stream of inert gas (nitrogen or 
argon) at 800*'C through 900*C for approximately 1 hour. 
This heating process makes an alloy of platinum and 
ruthenium on the carbon black and completes the plati- 
num-ruthenium catalyst powder, that is. carbon black 
with platinum- ruthenium alloy catalyst carried thereon. 

The amounts of platinum and ruthenium carried on 
carbon black are adjusted by varying the quantity of plat- 
inum-carrying carbon black arxi the quantity of ruthe- 
nium chloride. Preparation of platinum-ruthenium 
catalyst powder is not limited to this method, but any 
other method is applicable as long as it ensures sufficient 
catalytic activities. 

The preferable area of electrodes 12 and 14 ranges 
from 0.1 through 1 .0 cm2. 

The meshed metal plates 16 and 18 have structure 
of allowing a gas to be flown into the electrodes 12 and 
14. Preferable material for the meshed metal plates 16 
and 18 has excellent electrical conductivity and good rust 
preventing properties and does not cause hydrogen brit- 
tleness; for example, titanium and stainless steel. Alter- 
natively, the metal plates 16 and 18 may be meshed 
copper plates having surface coated with (for example, 
plated with) a metal like gold, platinum, or titanium. As 
long as the required properties including excellent elec- 
trical conductivity are satisfied, porous carbon plates, 
foamed nickel plates, and engineering plastics having 
surface coated with (for example, plated with) a metal 
like gold, platinum, or titanium may also be applicable as 
the metal plates 16 and 18. 

The holders 20 and 22 respectively have flanges 20a 
and 22a projected inward from the cylindrical holder 
structures 20 and 22. The electrolyte membrane 1 0 and 
the pair of electrodes 12 and 14 as well as the meshed 
metal plates 1 6 and 1 8 are supported by these flanges 
20a and 22a of the holders 20 and 22. Preferable mate- 
rial for the holders 20 and 22 has excellent electrical con- 
ductivity and good rust preventing properties and does 
not cause hydrogen brittleness; for example, titanium 
and stainless steel. As long as the required properties 
including excellent electrical conductivity are satisfied, 
copper plates and dense carbon plates or engineering 
plastics having surface coated with (for example, plated 
with) a metal like gold, platinum, or titanium may also be 
applicable asihe holders 20 and 22. 

The holder 22 is provided with an 0-ring 26. which 
comes into contact with the electrolyte membrane 1 0 and 
prevents an atmosphere of one electrode from leaking 
to the other electrode. Another structure of ensuring the 
sealing properties may also be applicable instead of the 
0-ring 26; for example, an end portion of the electrolyte 



6 



11 



EP 0 710 996 A1 



12 



. membrane 10 is applied to the holder 22 directly via an 
adhesive or by means of thermal contact bonding. 

The holders 20 and 22 respectively have, on the cir- 
cumference thereof, outer screw threads 20b and 22b, 
which mate ard engage with internal screw threads 24a 
and 24b formed inside the insulating member 24. 
Engagement of the mating screw threads 20b,22b and 
24a,24b connects the holders 20 and 22 with each other. 

. where the holders 20 and 22 securely support the sand- 
wich structure of electrode 12- electrolyte membrane 10- 
electrode 14 placed therebetween. Preferable material 
for the insulating member 24 is. for example. Teflon. 

The carbon monoxide sensor 1 further includes a 
gas flow conduit 28 joined with one holder 20 through 
engagement of mating screw threads. The gas flow con- 
duit 28 leads a gaseous fuel or object gas to be detected 
Into the electrode 1 2 and is composed of insulating mate- 
rial. The other holder 22 does not connect with any spe- 
cific gas conduit, but the electrode 14 Is exposed to the 
atmosphere. 

The carbon monoxide sensor 1 is also provided with 
a circuit 30, which electrically connects detection termi- 
nals 20T and 22T of the holders 20 and 22 with each 
other. The circuit 30 includes a voltmeter 32 and a resis- 
tor 34 for adjusting load current, which are arranged in 
parallel between the detection terminals 20T and 22T 
Connection of the voltmeter 32 is determined to give neg- 
ative polarity to the detection terminal 20T of the holder 
20 on the side of the electrode 1 2 exposed to a gaseous 
fuel and positive polarity to the detection terminal 22T of 
the holder 22 on the side of the electrode 1 4 exposed to 
the atmosphere. Signals of the voltmeter 32 are output 
to an external control system. 

The carbon monoxide sensor 1 thus constructed is 
linked through engagement of mating screw threads with 
a branched opening 40a of a gaseous fuel conduit 40 
included in a fuel cell generator (not shown). The carbon 
monoxide sensor 1 is used for determining the concen- 
tration of carbon monoxide included in a supply of gas- 
eous fuel fed to fuel cells (not shown). 

The following description regards the process of 
detecting carbon monoxide included in a hydrogen-rich 
gaseous fuel (object gas to be detected) with the carbon 
monoxide sensor 1. A supply of gaseous hydrogen 
Included in the hydrogen-rich gaseous fuel is fed to the 
electrode 12 of the carbon monoxide sensor 1, while a 
supply of oxygen Included in the atmosphere Is fed to the 
electrode 14. Reactions expressed by Equations (4) and 
(5) below accordingly proceed on the surface of the elec- 
trodes 12 and 14 across the electrolyte membrane 10: 

H2 2H* + 2e" (4) 

2H^ + 2e- (1/2)02 ^ H2O (5) 

These reactions are Identical with those in fuel 
cells, which uses hydrogen and oxygen as fuels to gen- 
erate electrical energy An electromotive force is thus 
generated between the electrodes 12 and 14. Since the 



resistor 34 is connected to the electrodes 12 and 14 in 
this embodiment, the voltmeter 32 measures the poten- 
tial difference between the electrodes 12 and 14 gener- 
ated when a predetermined load is placed between the 
5 electrodes 1 2 and 1 4 and certain electric current Is flown 
through the circuit. The potential difference decreases 
with an increase in concentration of cartx)n monoxide 
Included in the gaseous fuel. This phenomenon is 
ascribed to the following reasons. 

w • The reaction expressed by Equation (4) given above 
proceeds on the electrode 12, in. which carbon powder 
with platinum catalyst carried thereon is Inserted. Car- 
bon monoxide existing in the gaseous fuel is adsorbed 
by the catalyst and interferes with the catalytic action, 

15 that is. poisons the catalyst. The degree of poisoning is 
large for the high concentration of carbon monoxide 
included In the gaseous fuel and small for the low con- 
centration of carbon monoxide. The potential difference 
between the detection terminals 20T and 22T is meas- 

20 ured, while the reactions expressed by Equations (4) and 
(5) continuously proceed on the electrodes 12 and 14. 
Since the potential difference reflects the concentration 
of carbon monoxide included in the gaseous fuel, the 
measurement of potential difference determines the con- 

25 centratlon of cartx)n monoxide Included in the gaseous 
fuel. The resistor 34 connecting one detection terminal 
20T with the other detection terminal 22T allows the 
reactions of Equations (4) and (5) to continuously pro- 
ceed on the electrodes 12 and 14. while the potential dlf- 

30 ference is measured between the detection terminals 
20T and 22T 

A relationship between the concentration of carbon 
monoxide and the measurement of the voltmeter 32 is 
determined previously using gas containing known con- 

35 centrations of cartx)n monoxide. The concentration of 
carbon monoxide included In the gaseous fuel is then- 
determined according to this relationship. In accordance 
with a concrete structure, a map representing a relation- 
ship between the concerTtration of cartx)n monoxide 

40 included in the gaseous fuel and the potential difference 
measured by the voltmeter 32, for example, a map as 
shown In Fig. 3. is stored previously in a ROM of an elec- 
tronic control unit. The electronic control unit refers to the 
map arxJ executes logic operations to determine the con- 

45 centration of carbon monoxide. The sensitivity of detec- 
tion is not affected by the existence of hydrogen in this 
process of determining the concentration of carbon mon- 
oxide. The concentration of cartx)n monoxide included 
even in the hydrogen-rich reactant gas, such as a supply 

50 of gaseous fuel fed to fuel cells, can thus be determined 
with high precision. 

The stack of fuel cells 2 1 0 includes a plurality of pol- 
ymer electrolyte fuel cells, whose unit cell structure is 
shown in Fig. 4. Each unit fuel cell includes an electrolyte 

55 membrane 241. an anode 242 and a cathode 243 
arranged across the electrolyte membrane 241 to form 
a sandwich structure and work as gas diffusion elec- 
trodes, first and second separators 244 and 245 dis- 
posed across the sandwich structure and combined with 
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the anode 242 and the cathode 243 to constitute flow 
paths of gaseous fuel and oxygen -containing gas, and 
first and second current collectors 246 and 247 disposed 
respectively outside the first and the second separators 
244 and 245 to work as current-collecting electrodes of 
the anode 242 and the cathode 243. 

The electrolyte membrane 241 is composed of solid 
polymer material, such as fluororesin, to be proton-con- 
ductive and shows a favorable electrical conductivity 
under the wet conditions. The anode 242 and the cath- 
ode 243 are made of cartoon cloth woven of carbon fibers, 
where carbon powder with platinum catalyst or platinum- 
containing alloy catalyst carried thereon is inserted into 
the surface of the carbon cloth close to the electrolyte 
membrane 241 and into pores of the carbon cloth. The 
electrolyte membrane 241 , the anode 242, and the cath- 
ode 243 are joined together to form a sandwich structure 
of anode 242-electrolyte membrane 241 -cathode 243, in 
the same manner as the electrolyte membrane 10 and 
the two electrodes 12 and 14 in the carbon monoxide 
sensor 1 of the first embodiment. 

The first separator 244 has a plurality of ribs, which 
constitute, in connection with the surface of the anode 
242, a plurality of first channels 244p allowing flows of 
gaseous fueL The second separator 245 also has a plu- 
rality of ribs, which constitute, in connection with the sur- 
face of the cathode 243. a plurality of second channels 
245p allowing flows of oxygen-containing gas. 

Each unit fuel cell in the stack of fuel cells 210 has 
the structure described above. In the actual configuration 
of the stack of fuel cells 210, plural sets of first separator 
244/ anode 242/ electrolyte membrane 241/ cathode 
243/ second separator 245 are laid one upon another, 
and the first and the second current collectors 246 and 
247 are disposed outside the plural sets. 

The gaseous fuel supply conduit 218 connects the 
reformer 216 with an anode-side gas inlet 210a of the 
stack of fuel cells 210. According to a concrete structure, 
the anode-side gas inlet 210a is connected to a manifold 
(not shown) and further to the plurality of first channels 
244p for the flows of gaseous fuel in the stack of fuel cells 
210 via the manifold. An anode-side gas outlet 210b of 
the stack of fuel cells 210 is also connected to another 
manifold (not shown) and further to the plurality of first 
channels 244p in the stack of fuel cells 21 0 via the man- 
ifold. The direction of connection of the gas outlet 210b 
is opposite to the direction of connection of the gaseous 
fuel supply conduit 218. 

The reformer 216 includes; a reformer unit 216a 
allowing the reaction (expressed by Equation (1 ) above) 
of decomposing methanol to carbon monoxide and 
hydrogen and the reaction (expressed by Equation (2) 
above) of generating carbon dioxide and hydrogen from 
water and carbon monoxide generated by the decompo- 
sition reaction; a shift reaction unit 216b for making the 
residual, non-reacted carbon monoxide in the reformer 
unit 21 6a further react with water; and a partial oxidizing 
unit (also called as selective oxidizing unit) 216c for oxi- 
dizing the residual, non-reacted carbon monoxide in the 



shift reaction unit 216b. The units 216a through 216c of 
the reformer 216 are respectively connected to the elec- 
tronic control unit 230. 

The electronic control unit 230 is constructed as a 

5 logic circuit with a microcomputer. According to a con- 
crete structure, the electronic control unit 230 includes: 
a CPU 232 for executing a variety of operations accord- 
ing to preset control programs; a ROM 234. in which con- 
trol programs and control data required for the execution 

w of various operations by the CPU 232 are previously 
stored; a RAM 236, which various data required for the 
execution of various operations by the CPU 232 are tem- 
porarily written in and read from; arxl an input/output port 
238 for receiving output signals from the cartxjn monox- 

15 ide sensor 1 and outputting control signals to the 
reformer unit 216a. the shift reaction unit 216b. and the 
partial oxidizing unit 216c of the reformer 216. 

In the drawing of Fig. 1 , only the gas system on the 
anode*s side is shown and that on the cathode's side is 

20 omitted. 

The CPU 232 of the electronic control unit 230 thus 
constructed receives output signals from the carbon 
monoxide sensor 1 and controls the reformer unit 216a, 
the shift reaction unit 21 6b. and the partial oxidizing unit 
216c of the reformer 21 6 according to the output signals, 
so as to reform the quality of hydrogen-rich gas used as 
gaseous fuel. 

Fig. 5 is a flowchart showing a control routine of 
reforming the hydrogen -rich gas. The control routine is 
repeatedly executed at predetermined time intervals. 
When the program enters the routine, the CPU 232 
stores an output voltage from the voltmeter 32 of the car- 
bon monoxide sensor 1 as a measured concentration D 
of cartx>n monoxide into the RAM 236 at step S250. The 
measured concentration D of carbon monoxide is then 
compared with a predetermined level DO at step S260. 
In this embodiment, the predetermined level DO is set 
equal to 20 [ppm] under an operating condition that the 
gas consumption ratio on the anode's side is 80[%]. 

When the measured concentration D of cartx5n mon- 
oxide is greater than the predetermined level DO at step 
S260. the CPU 232 determines that the concentration of 
carbon monoxide from the reformer 216 is too high and 
executes a required process to lower the concentration 
of carbon monoxide discharged from the reformer 216. 

Affirmative answer at step S260 leads the program 
to step S270, at which the CPU 232 transmits a control 
signal to the partial oxidizing unit 216c of the reformer 
216 to increase a flow of air fed into the partial oxidizing 
unit 21 6c. The partial oxidizing unit 21 6c is driven at tem- 
peratures of 100'C through 200'*C. An increase in air 
flow fed into the reformed gas accelerates the reaction 
of oxidizing cartxDn monoxide included in the reformed 
gas to carbon dioxide. This results in lowering the con- 
centration of carbon monoxide included in the reformed 
gas discharged from the partial oxidizing unit 216c. The 
program then goes to RETU RN and exits from the control 
routine. 
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When the measured concentration D of carbon mon- 
oxide is not greater than the predetermined level DO at 
step S260. on the other hand, the CPU 232 determines 
that the concentration of carbon monoxide from the 
reformer 2 1 6 is at an appropriate level. The program then 
goes to RETURN and exits from this control routine. 

In the fuel cell generator system 200 of the third 
embodiment, the carbon monoxide sensor 1 determines 
the concentration of carbon monoxide included in the 
hydrogen-rich gas supplied to the stack of fuel cells 21 0. 
When the measured. concentration D of carbon monox- 
ide is greater than the predetermined level DO. the CPU 
.232 increases the flow of air fed into the partial oxidizing 
unit 216c of the reformer 216. This effectively lowers the 
concentration of carbon monoxide included in the hydro- 
gen-rich gas fed to the stack of fuel cells 210, thereby 
relieving the catalyst poisoning in the stack of fuel cells 
210. 

An increase in the air flow fed into the reformed gas 
in the partial oxidizing unit 21 6c accelerates the oxidation 
reaction shown below: 

2C0 + 02-^ 2CO2 (6) 

2H2 + 02-^2H20 (7) 

Such oxidation reaction relatively lowers the par- 
tial pressure of hydrogen included in the reformed gas. 
A relative decrease in partial pressure slightly lowers the 
output voltage from the stack of fuel cells 210. In a pref- 
erable structure, when the measured concentration D of 
carbon monoxide is restored to be smaller than the pre- 
determined level DO, the airflow into the partial oxidizing 
unit 216c is returned to a stationary level. 

In the structure of the third embodiment, the concen- 
tration of carbon monoxide included in the reformed gas 
is lowered by controlling the air flow fed into the partial 
oxidising unit 216c. Other methods may however, be 
applied to lower the concentration of carbon monoxide 
included in the reformed gas; for example, increasing the 
reaction temperature in the partial oxidizing unit 216c. 
increasing the reaction temperature in the reformer unit 
216a, or controlling the reaction temperature in the shift 
reaction unit 216b. 

The predetermined level DO used for the comparison 
at step S260 depends upon the specifications of polymer 
electrolyte fuel cells (temperature of operation, type of 
catalyst, and gas consumption ratio). The predetermined 
level DO is set by examining effects of a gaseous fuel 
containing a known concentration of carbon monoxide 
and flown into the fuel cell generator system (for exam- 
ple, a tank gas containing a known concentration of car- 
bon monoxide), on the stack of fuel cells 210. 

Fig. 6 is a block diagram illustrating structure of 
another fuel cell generator system 300 as a second 
embodiment according to the invention. The fuel cell 
generator system 300 of the second embodiment has a 
similar hardware structure to that of the first embodiment, 
except that the carbon monoxide sensor 1 is disposed at 



a different position. In the fuel cell generator system 300 
of the second embodiment, the carbon monoxide sensor 
1 is arranged in the middle of the gaseous fuel discharge 
conduit 220. instead of the gaseous fuel supply conduit 
5 218. 

While supplies of gaseous fuel generated in the 
reformer 21 6 and introduced into an anode-side gas inlet 
210a of the stack of fuel cells 210 have identical gas flow 
and concentration of carbon monoxide, the difference in 

10 gas utilization rate in the stack of fuel cells 21 0 varies the 
concentration of carbon monoxide included in the gase- 
ous fuel discharged from an anode-side gas outlet 210b 
of the stack of fuel cells 210. The gas utilization rate is 
defined as the rate amount of gaseous fuel required for 

15 the stack of fuel cells 21 0 to the flow of gaseous fuel fed 
to the stack. The gas utilization rate depends upon the 
load current density under the condition of identical gas 
flows. 

Fig. 7 is a graph showing the concentration of carbon 

20 monoxide plotted against the position in fuel cells at var- 
ious utilization rates of hydrogen. The graph of Fig. 7 
gives a calculated distribution of carbon monoxide con- 
centration in polymer electrolyte fuel cells when a supply 
of methanol-reformed gas having a carbon monoxide 

25 concentration of 10 ppm and containing approximately 
75% of hydrogen, approximately 25% of carbon dioxide 
is fed to the fuel cells. As clearly seen in the graph of Fig. 
7. the concentration of carbon monoxide at the outlet is 
ten-odd ppm for the hydrogen utilization rate of 50% but 

30 reaches 40 ppm for the hydrogen utilization rate of 1 00%. 
In this second embodiment, the carbon monoxide 
sensor 1 is disposed near to the anode-side gas outlet 
210b of the stack of fuel cells 210, that is. in the middle 
of the gaseous fuel discharge corxiuit 220. Upon condi- 

35 tion that the carbon monoxide sensors 1 have an identi- 
cal detectable range of carbon monoxide, the structure 
of the second embodiment allows an increase in concen- 
tration of carbon monoxide to be detected at the earlier 
stage than the structure of the first embodiment, in which 

40 the carbon monoxide sensor 1 is disposed near to the 
anode-side gas inlet 210a. that is, in the middle of the 
gaseous fuel supply conduit 218. In the structure of the 
second embodiment, poisoning of catalyst is accordingly 
predictable at its earlier stage. A control routine executed 

45 in the second embodiment for reforming the quality of 
hydrogen-rich gaseous fuel as described in the first 
embodiment can thus more effectively cancel the poison- 
ing of catalyst. 

Rg. 8 is a block diagram illustrating structure of still 

50 another fuel cell generator system 400 as a third embod- 
iment according to the invention. The fuel cell generator 
system 400 of the third embodiment has a similar hard- 
ware structure to those of the first and the second 
embodiments, except that first and second carbon mon- 

55 oxide sensors 1 and 1 ' are arranged respectively in the 
middle of the gaseous fuel supply conduit 21 8 and in the 
middle of the gaseous fuel discharge conduit 220. 

As described previously, the main advantage of 
arranging the carbon monoxide sensor 1' near to the 
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anode-side gas outlet 21 Ob of the stack of fuel cells 210 
is to allow an increase in concentration of carbon mon- 
oxide to be detected at the earlier stage, compared with 
the arrangement of the cart)on monoxide sensor 1 near 
to the anode-side gas inlet 210a, upon condition that the 5 
carbon monoxide sensors 1 and 1' have an identcal 
detectable range of carbon monoxide. The earlier detec- 
tion of an increase in carbon monoxide concentration is 
inplemented. provided that the stack of fuel cells 210 is 
controlled to have a constant utilization rate of hydrogen. 10 
When the stack of fuel cells 210 is not controlled to have 
a constant utilization rate of hydrogen or when the control 
of the fuel cells stack 210 requires a relatively long 
response time, on the contrary, an increase in concen- 
tration of cartx)n monoxide at the anode-side gas outlet 15 
210b of the stack of fuel cells 210 involves both an 
increase in concentration of carbon monoxide included 
in the gaseous fuel generated by the reformer 216 and 
an increase in hydrogen utilization rate in the stack of 
fuel cells 210. 20 

In the structure of the third embodiment, the first and 
the second carbon monoxide sensors 1 and 1* are 
arranged respectively at the anode-side gas inlet 210a 
and the anode-side gas outlet 210b of the stack of fuel 
cells 210. This structure can effectively determine 25 
whether an increase in concentration of carbon monox- 
ide is attributed to a variation in the quality of gaseous 
fuel generated by the reformer 216 or to an increase in 
hydrogen utilization rate in the stack of fuel cells 210. 
thereby ensuring appropriate system control. 30 

The electronic control unit 230 in the third embodi- 
ment receives output signals from the first carbon mon- 
oxide sensor 1 arranged in the gaseous fuel supply 
conduit 218 and from the second carbon monoxide sen- 
sor 1 ' arranged in the gaseous fuel discharge conduit 35 
220. and executes a required control process based on 
these output signals. Rg. 9 is a flowchart showing details 
of the control routine executed by the electronic control 
unit 230 in the third embodiment. The control routine of 
Fig. 9 is repeatedly executed at predetermined time 40 
Intervals. 

When the program enters the routine of Fig. 9, the 
CPU 232 receives an output voltage sent from the first 
carbon monoxide sensor 1 disposed in the gaseous fuel 
supply conduit 218. and stores the output voltage as an 45 
inlet carbon monoxide concentration Dl into the RAM 
236 at step S410. The CPU 232 then receives an output 
voltage sent from the second carbon monoxide sensor 
1 ' disposed in the gaseous fuel discharge conduit 220, 
and stores the output voltage as an outlet carbon mon- so 
oxide concentration DE into the RAM 236 at step S420. 

The program proceeds to step S430 at which the 
inlet carbon monoxide concentration Dl input at step 
S410 is compared with a predetermined first concentra- 
tion Dl and subsequently to step S440 or step S450 at 55 
which the outlet carbon monoxide concentration DE 
input at step S420 is compared with a predetermined 
second concentration D2. Upon condition that the stack 
of fuel cells 210 is operated with the gas utilization rate 



of 80[%] on the anode's side, the predetermined first con- 
centration D1 is equal to 20 [ppm] and the predetermined 
second concentration D2 is equal to 50 [ppm]. 

When the inlet carbon monoxide concentration Dl is 
determined to be not greater than the predetermined first 
concentration Dl at step S430 and the outlet cart)on 
monoxide concentration DE is determined to be not 
greater than the predetermined second concentration 
D2 at step S440. the program proceeds to step S460 to 
continue operation of the fuel cell generator system 400. 
In this case, the CPU 232 determines that the concen- 
tration of carbon monoxide in the anode's gas system 
does not significantly affect the operation of the fuel cell 
generator system 400 and allows the fuel cell generator 
system 400 to continue operation under the cun^ent oper- 
ating conditions. 

When the inlet carbon monoxide concentration Dl is 
determined to be not greater than the predetermined first 
concentrati on D 1 at step S430 but the outlet carbon mon- 
oxlde concentration DE is determined to be greater than 
tiie predetermined second concentration D2 at step 
S440. on the other hand, the program proceeds to step 
S470. Under these conditions, it is determined that the 
gas utilization rate in the stack of fuel cells 210 is rela- 
tively high and that a decrease in amount of gaseous 
hydrogen released from the anode-side gas outlet 210b 
increases the outlet carbon monoxide concentration DE. 
At step S470. the CPU 232 accordingly increases the 
flow of gaseous fuel fed to the stack of fuel cells 210 so 
as to decrease the gas utilization rate, thereby lowering 
the concentration of carbon monoxide included in the 
gaseous discharge from the stack of fuel cells 210. 
Increasing the flow of gaseous fuel is implemented by 
controlling the reformer 2 16, the methanol reservoir 2 1 2. 
or the water reservoir 2 1 4 according to a known process, 
whose description is omitted here. 

When the inlet carbon monoxide concentration Dl is 
determined to be greater than the predetermined first 
concentration Dl at step S430 and tiie outiet carbon 
monoxide concentration DE is determined to be not 
greater than the predetermined second concentration 
D2 at step S450. the program proceeds to step S480. 
Under these conditions, it is determined that the gaseous 
fuel generated by the reformer 216 includes high con- 
centration of carbon monoxide and that the gas utiliza- 
tion rate in the stack of fuel cells 210 is relatively low. At 
step S480, the CPU 232 accordingly controls the 
reformer 216 in order to decrease the concentration of 
carbon monoxide included in the gaseous fuel generated 
tiierefrom. According to a concrete procedure, the CPU 
232 increases the airflow fed to the partial oxidizing unit 
216c of the reformer 216, in the same manner as step 
S270 in tiie first embodiment. During this control proce- 
dure, the load current is preferably regulated so as to pre- 
vent the gas utilization rate in the stack of fuel cells 210 
from undesirably increasing. 

When the inlet carbon monoxide concentration Dl is 
determined to be greater than the predetermined first 
concentration Dl at step S430 and the outiet carbon 
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monoxide concentration DE is determined to be greater 
than the predetermined second concentration D2 at step 
S450. the program proceeds to step S490. Under these 
conditions, it is determined that the gaseous fuel gener- 
ated by the reformer 216 includes high concentration of 5 
carbon monoxide and that the gas utilization rate in the 
stack of fuel cells 210 is relatively high. Based on the 
judgment that there is no hope of recovery from catalyst 
poisoning, the CPU 232 stops operation of the fuel cell 
generator system, 400 in safety while releasing a load w 
(not shown) from the fuel cells stack 210. The CPU 232 
determines that the concentration of carbon monoxide 
included in the gaseous fuel has reached the level to 
interfere with continuous operation of the fuel cell gener- 
ator system 400. arxJ accordingly ceases operation of 15 
the fuel cell generator system 400. 

According to a concrete procedure of suspending 
the fuel cell generator system 400, the load connected 
to the stack of fuel cells 210 is securely released while 
supplies of electricity are changed from the load to a sec- 20 
ondary cell, such as a lead-acid accumulator (not 
shown), connected in parallel to the stack of fuel cells 
2 1 0. The stack of fuel cells 21 0 and the peripheral equip- 
ment are then ceased safely In response to the judgment 
of critical catalyst poisoning on the anode's side of the 25 
stack of fuel cells 21 0 due to a significant increase in con- 
centration of carbon monoxide, the CPU 232 urgently 
stops operation of the stack of fuel cells 21 0 and protects 
the stack of fuel cells 2 1 0, the peripheral equipment, and 
the load connected to the fuel cells stack 210 from unex- 30 
pected damages. One method of urgently stopping the 
stack of fuel cells 210 is to inject a purge of nitrogen or 
an inert gas. such as argon. 

The fuel cell generator system 400 of the third 
embodiment thus constructed can determine whether an 35 
increase in concentration of carbon monoxide on the 
anode's side is attributed to a variation in the quality of 
gaseous fuel generated by the reformer 216 or to an 
increase in hydrogen utilization rate in the stack of fuel 
cells 2 1 0. This structure adequately lowers the concen- 40 
tration of carbon monoxide according to its primary 
cause, thus securely canceling the catalyst poisoning. 

A fuel cell generator system given as a fourth 
embodiment according to the invention has an identical 
hardware structure with that of the fuel cell generator 45 
system 400 of the third embodiment, while the CPU 232 
of the electronic control unit 230 in the fourth embodi- 
ment executes a different control routine from that of the 
third embodiment. Fig. 1 0 is a flowchart showing details 
of the control routine executed by the electronic control so 
unit 230 in the fourth embodiment, which is repeatedly 
executed at predetermined time intervals. 

The processes at steps S510. S520, S560. and 
S570 in the control routine of Fig. 1 0 are identical with 
those at steps S41 0. S420. S460. and S470 in the control 55 
routine of Fig. 9 of the third embodiment. The processes 
at steps S530 through S550 in the flowchart of Fig. 10 
are similar to those at steps S430 through S450 in the 
flowchart of Fig. 9. except that the predetermined first 



concentration D1 is replaced by a predetermined third 
concentration D3, and the predetermined second con- 
centration D2 by a predetermined fourth concentration 
D4. The predetermined third concentration D3 is set to 
be smaller than the predetermined first concentration 
D1 , whereas the predetermined fourth concentration D4 
is smaller than the predetermined second concentration 
D2. Upon condition that the stack of fuel cells 2 1 0 is oper- 
ated with the gas utilization rate of 80[%] on the anode's 
side, the predetermined third concentration D3 is equal 
to 10 [ppm] and the predetermined fourth concentration 
D4 is equal to 25 [ppm]. In the structure of the fourth 
embodiment, smaller values are set as the reference 
concentrations to be compared with the inlet and output 
carbon monoxide concentrations Dl and DE. This allows 
an increase in concentration of carbon monoxide to be 
detected at its earlier stage and secures a longer period 
of time before an actual influence on the stack of fuel 
cells 210. 

In the flowchart of the fourth embodiment, when the 
inlet carbon monoxide concentration D I is determined to 
be greater than the predetermined third concentration 
D3 at step S530 and the outlet carbon monoxide con- 
centration DE is determined to be not greater than the 
predetermined fourth concentration D4 at step S550, the 
program proceeds to step S580, which is different from 
step S480 of the third embodiment. 

It is determined that an increase in concentration of" 
carbon monoxide included in the gaseous fuel generated 
by the reformer 2 1 6 does not immediately affect the oper- 
ation of the stack of fuel cells 21 0. At step S580. the CPU 
232 accordingly controls the reformer 216 to decrease 
the concentration of carbon monoxide to or below a pre- 
determined level, while continuing the operation of the 
stack of fuel cells 210. Since there is sufficient time to 
reduce the concentration of carbon monoxide, any • 
measure having an effect on the decrease in concentra- ■ 
tion of carbon monoxide with a slower response may be 
taken. For example, the CPU 232 lowers the temperature 
of the partial oxidizing unit 216c of the reformer 216. 

When the inlet carbon monoxide concentration Dl is 
determined to be greater than the predetermined third 
concentration D3 at step S530 and the outlet carbon 
monoxide concentration DE is determined to be greater 
than the predetermined fourth concentration D4 at step 
S550, on the other hand, the program proceeds to step 
S590. which is different from step S490 of the third 
embodiment. 

It is determined that the concentration of cart>on 
monoxide included in the gaseous fuel on the anode's 
side generated by the reformer 216 exceeds a predeter- 
mined level and that there is insufficient time to reduce 
the concentration of carbon monoxide. At step S590, the 
CPU 232 accordingly takes a measure of having an 
effect on the decrease in concentration of carbon mon- 
oxide with a quicker response, for example, increases the 
air flow fed to the partial oxidizing unit 216c of the 
reformer 216. 
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The fuel cell generator system of the fourth embod- 
iment thus constructed can detect an increase in con- 
centration of carbon monoxide on the anode's side at its 
earlier stage, thereby preventing catalyst poisoning with- 
.out delay and effectively canceling the catalyst poison- 5 
ing. 

In the fourth embodiment, even when the concen- 
tration of cartxtn monoxide increases both at the inlet 
and outlet of the stack of fuel cells 210, the CPU 232 
does not stop operation of the fuel cell generator system w 
but tries to decrease the concentration of carbon mon- 
oxide. In a preferable structure, however, when these 
conditions continue for a predetermined time period, the 
CPU 232 determines that there is no hope of recovery 
from catalyst poisoning and stops operation of the fuel is 
cell generator system In the same manner as step S490 
in the control routine of the third embodiment. 

Fig. 1 1 is a block diagram illustrating structure of 
another fuel cell generator system 600 as a fifth embod- 
iment according to the invention. Like the fuel cell gen- 20 
erator system 300 of the second embodiment, in the fuel 
cell generator system 600 of the fifth embodiment, the 
carbon monoxide sensor 1 is arranged near to the 
anode-side gas outlet 210b of the stack of fuel cells 210. 
that is, in the middle of the gaseous fuel discharge con- 25 
duit 220. The fuel cell generator system 600 is further 
provided with a gas flowmeter 610 disposed near to the 
anode-side gas inlet 21 Oa for measuring the flow of gas- 
eous fuel fed to the stack of fuel cells 210, and a load 
ammeter 620 connected to the stack of fuel cells 2 1 0 for 30 
measuring the output current of the fuel cells stack 210. 
The other hardware structure of the fifth embodiment is 
identical with that of the fuel cell generator system 300 
of the second embodiment. 

The electronic control unit 230 receives output sig- 35 
nals from the carbon monoxide sensor 1 , the gas flow- 
meter 610. and the load ammeter 620. and executes a 
required control process based on these output signals. 

Fig. 12 is a flowchart showing details of the control 
routine executed by the electronic control unit 230 in the 40 
fifth embodiment. The control routine of Fig. 12 is repeat- 
edly executed at predetermined time intervals. When the 
program enters the routine, the CPU 232 of the electronic 
control unit 230 first reads the load ammeter 620 to input 
an output current I of the stack of fuel cells 21 0 at step 45 
S630, and calculates from the output current I a required 
amount of gaseous fuel MA. which is theoretically 
required for the stack.of fuel cells 210. at step S640. The 
program then proceeds to step S650. at which the CPU 
232 reads the gas flowmeter 61 0 to input a gas f low M B so 
actually fed to the stack of fuel cells 210. 

At subsequent step S660. the CPU 232 calculates 
a gas utilization rate R from the required amount of gas- 
eous fuel MA calculated at step S640 and the gas flow 
MB obtained at step S650 according to Equation (8) 55 
given below: 

R = MA/MB x100[%) (8) 



The CPU 232 then determines at step S670 
whether the gas utilization rate R calculated is less than 
100[%]. When the gas utilization rate R is less than 
1 00[%J at step S670, the program goes to step S680 and 
executes the process of steps S680 to S692 to control 
the concentration of carbon monoxide. 

The CPU 232 reads the carbon monoxide sensor 1 
to input a concentration of cartx)n monoxide D at step 
S680. and compares the carbon monoxide concentra- 
tion D obtained at step S680 with a predetermined level 
DO at step S690. When the cartxjn monoxide concentra- 
tion D is greater than the predetermined level DO at step 
S690. the program goes to step S692, at which the CPU 
232 determines that the gaseous fuel generated by the 
reformer 216 includes carbon monoxide of an excessive 
concentration, and controls the reformer 2 1 6 to decrease 
the concentration of cart)on monoxide included in the 
gaseous fuel. Possible measures taken to decrease the 
concentration of cartx)n monoxide involve inaeasing the 
air flow fed to the partial oxidizing unit 216c of the 
reformer 216 or lowering the temperature of the partial 
oxidizing unit 216c. 

After the execution of step S692. the program goes 
to RETURN and exits from the routine. When the cart>on 
monoxide concentration D is not greater than the prede- 
termined level DO at step S690. on the contrary, the CPU 
232 determines that the gaseous fuel generated by the 
reformer216incIudescartx)n monoxide of an acceptable 
concentration and the program directly goes to 
RETURN. 

When the gas utilization rate R is not less than 
100[%] at step S670. the amount of gaseous hydrogen 
released from the anode-side gas outlet 210b is signifi- 
cantly decreased, so that the carbon monoxide concen- 
tration D can not appropriately reflect the concentration 
of carbon monoxide included in the gaseous fuel fed to 
the stack of fuel cells 210. The gas utilization rate R of 
not less than 100(%] leads the program to step S694. at 
which the CPU 232 increases the flow of gaseous fuel 
fed to the stack of fuel cells 21 0, thereby decreasing the 
gas utilization rate below 100[%]. After the execution of 
step S694. the program goes to RETURN and exits from 
the routine. 

In the control routine of the fifth embodiment, output 
signals of the carbon monoxide sensor 1 disposed after 
the stack of fuel cells 210 are used only when the gas 
utilization rate is less than 1 00[%] in the stack of fuel cells 
210. This structure allows the CP U 232 to determine that 
a decrease in concentration of carbon monoxide is attrib- 
uted not to a decrease in gas utilization rate R but to the 
catalyst poisoning by carbon monoxide included in the 
gaseous fuel-generated by the reformer 216. 

When the measurement of the carbon monoxide 
sensor 1 shows high concentration of carbon monoxide 
included in the gaseous fuel at the anode-side gas outlet 
210b of the stack of fuel cells 21 0. the fuel cell generator 
system 600 of the fifth embodiment controls the reformer 
216 to securely cancel the catalyst poisoning. 
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Fig. 13 is a block diagram illustrating structure of 
another fuel cell generator system 700 as a sixth embod- 
iment according to the invention. The fuel cell generator 
system 700 of the sixth embodiment has a similar hard- 
ware structure to that of the fuel cell generator system 5 
200 of the first embodiment, except that two carbon mon- 
oxide sensors 701 and 703 with different sensitivities of 
detection are arranged in the gaseous fuel supply con- 
duit 218. 

Different sensitivities imply different detectable con- 10 
centrations of carbon monoxide. Sensors of the low 
detectable concentration represent those with high sen- 
sitivity of detection, whereas sensors of the high detect- 
able concentration represent those with low sensitivity of 
detection. In the sixth embodiment, the first carbon mon- 15 
oxide sensor 701 has higher sensitivity of detection, and 
the second carbon monoxide sensor 703 with lower sen- 
sitivity of detection. Namely, the first carbon monoxide 
sensor 70 1 measures low concentrations of carbon mon- 
oxide, while the second carbon monoxide sensor 703 20 
measures high concentrations of carbon monoxide. 

In this embodiment, the sensitivity of detection is 
controlled by taking advantage of the fact that the output 
voltage characteristics of carbon monoxide sensors dif- 
fer by the catalysts used. The first carbon monoxide sen- 25 
sor 701 is the same as the carbon monoxide sensor 1 
used in the first embodiment and includes platinum as 
electrode catalyst. The second carbon monoxide sensor 
703, on the other hand, includes an alloy of platinum and 
ruthenium as electrode catalyst. The second carbon 30 
monoxide sensor 703 with the alloy catalyst has lower 
sensitivity of detection than that of the first carbon mon- 
oxide sensor 701 with the platinum catalyst. 

The first and the second carbon monoxide sensor 
701 and 703 are electrically connected to the electronic 35 
control unit 230. The electronic control unit 230 receives 
output signals from both the first and the second carton 
monoxide sensors 701 and 703 and executes a required 
control process based on these output signals. Fig. 14 
is a flowchart showing details of the control routine exe- 40 
cuted by the electronic control unit 230 in the sixth 
embodiment. The control routine of Fig. 14 is repeatedly 
executed at predetermined time intervals. 

When the program enters the routine, the CPU 232 
reads an output voltage of the first carbon monoxide sen- 45 
sor 701 to store the output voltage as a first carbon mon- 
oxide concentration DA at step S71 0. The CPU 232 then 
reads an output voltage of the second carbon monoxide 
sensor 703 to store the output voltage as a second car- 
bon monoxide concentration DB at step S720. so 

The program then proceeds to step S730, at which 
the first carbon monoxide concentration DA input at step 
S71 0 is compared with a predetermined first level DO (for 
example, 20 [ppm]. equivalent to the predetermined level 
DO used at step S260 in the flowchart of Fig. 5 of the first 55 
embodiment). At subsequent step S740, the second car- 
bon monoxide concentration DB input at step S720 is 
compared with a predetermined second level D5 (for 
example, 50 [ppm]). 



When the first carbon monoxide concentration DA is 
not greater than the predetermined first level DO at step 
S730, the program goes to step S750 to continue oper- 
ation of the fuel cell generator system 700 under the cur- 
rent operating conditions. In case that even the first 
carbon monoxide sensor 701 with higher sensitivity of 
detection can not measure the concentration of carbon 
monoxide, the CPU 232 is confident of normal operation 
of the fuel cell generator system 700 and continues the 
operation under the current conditions. 

When the first carbon monoxide concentration DA is 
greater than the predetermined first level DO at step 
S730 and the second carbon monoxide concentration 
DB is not greater than the predetermined second level 
D5 at step S740. the program proceeds to step S760. In 
this case, the concentration of carbon monoxide is meas- 
urable only by the first carbon monoxide sensor 701 with 
higher sensitivity of detection. The CPU 232 thus deter- 
mines that an inaease in concentration of carbon mon- 
oxide included in the gaseous fuel generated by the 
reformer 216 does not immediately affect the operation 
of the stack of fuel cells 210. At step S760, the CPU 232 
accordingly controls the reformer 216 by a method of 
slower response to decrease the concentration of carbon 
monoxide. According to a concrete procedure, the CPU 
232 lowers the temperature of the partial oxidizing unit 
216c of the reformer 216 in the same manner as step 
S580 in the flowchart of Fig. 1 0 of the fourth embodiment. 

When the first carbon monoxide concentration DA is 
greater than the predetermined first level DO at step 
S730 and the second carbon monoxide concentration 
DB is greater than the predetermined second level D5 at 
step S740. the program proceeds to step S770. In this 
case, the concentration of carbon monoxide is measured 
by the second carbon monoxide sensor 703 with lower 
sensitivity of detection as well as the first carbon monox- 
ide sensor 701 The CPU 232 thus determines that there . 
is insufficient time to reduce the concentration of carbon 
monoxide. At step S770, the CPU 232 accordingly takes 
a measure of having an effect on the decrease in con- 
centration of carbon monoxide with a quicker response. 
According to a concrete procedure, . the CPU 232 
increases the airflow fed to the partial oxidizing unit 21 6c 
of the reformer 216 in the same manner as step S590 in 
the flowchart of Fig. 10 of the fourth embodiment. 

In the fuel cell generator system 700 of the sixth 
embodiment thus .constructed, the use of two carbon 
monoxide sensors 701 and 703 with different sensitivi- 
ties of detection favorably wider»s the detectable range 
of carbon monoxide. The structure of the sixth embodi- 
ment can accordingly detect an increase in concentra- 
tion of carbon monoxide on the anode's side at its earlier 
stage; thereby preventing catalyst poisoning without 
delay and effectively canceling the catalyst poisoning. 

In the sixth embodiment, even when both the first 
and the second carbon monoxide sensors 701 and 703 
detect an increase in concentration of carbon monoxide, 
the CPU 232 does not suspend operation of the fuel cell 
generator system 700 but tries to decrease the concen- 
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tration of carbon monoxide. In a preferable structure, 
however, when these conditions continue for a predeter- 
mined time period, the CPU 232 determines that there 
is no hope of recovery from catalyst poisoning and sus- 
pends operation of the fuel cell generator system 700 in 
the same manner as step S490 in the flowchart of Fig. 9 
of the third embodiment. 

In the sixth embodiment, the two carbon monoxide 
sensors used include different catalysts to have different 
sensitivities of detection. Alternatively the sensitivity of 
detection may be controlled by taking advantage of the 
fact that the temperature of a carbon monoxide sensor 
varies its sensitivity of detection. Since the carbon mon- 
oxide sensors of the above embodiments have tenper- 
atu re dependence as described above, the sensitivity of 
detection can be controlled by heating or cooling the car- 
bon monoxide sensor. Fig. 15 is a graph showing a rela- 
tionship t>etween the temperature of the carbon 
monoxide sensor 1 of the first embodiment and the out- 
put voltage (potential difference). This graph dearly 
shows that the potential difference is significantly varied 
by the temperature of the carbon monoxide sensor 1 . A 
concrete structure of varying the temperature of a carbon 
monoxide sensor to control the sensitivity of detection is 
given below. 

Fig. 16 is a vertical cross sectional view illustrating 
a carlx>n monoxide sensor 801 as a seventh embodi- 
ment according to the invention. The carbon monoxide 
sensor 801 has similar structure to that of the carbon 
monoxide sensor 1 of the first embodiment, except that 
a heater 803 is disposed in the gas flow conduit 28. The 
heater 803 is connected to a circuit including a second- 
ary cell 805 and a switch 807. A control system (not 
shown) gives instructions to on and off the switch 807 
and control the temperature of the carbon monoxide sen- 
sor 801 , or at least the electrodes 1 2. to a preset level. 

A cylindrical PTC heater is used for the heater 803 
in this embodiment, although any other heating ele- 
ments, such as nichrome wire and carbon-resistant heat- 
ing elements, may also be applicable. 

In the carbon monoxide sensor 801 thus con- 
structed, the heater 803 raises the temperature of the 
carbon monoxide sensor 801. thereby enhancing the 
anti-poisoning properties of platinum catalyst. This struc- 
ture including the heater 803 allows the sensitivity of 
detection to be set lower than that of the structure without 
any heater. 

The carbon monoxide sensor 801 may be applied to 
the structure of the sixth embodiment described above. 
In such a case, the carbon monoxide sensor 801 is used 
as the second carbon monoxide sensor 703 with lower 
sensitivity of detection, whereas a carbon monoxide sen- 
sor without the heater 803 (for example, the cartxjn mon- 
oxide sensor 1 of the first embodiment) is used as the 
first carbon monoxide sensor 701 with higher sensitivity 
of detection. The temperature of the carbon monoxide 
sensor without a heater is substantially equal to the tem- 
perature of operation, which is approximately 80[*'C]. 
The preset level of temperature in the carbon monoxide 



sensor 801 with the heater 803 is accordingly controlled 
to be higher than 80**C for the lower sensitivity of detec- 
tion. 

In the carbon monoxide sensor 801 of the seventh 
5 embodiment, an excessive increase in temperature of 
the electrode 12-electrolyte membrane 10-electrode 14 
structure excessively dries the electrolyte membrane 10 
and undesirably heightens the internal resistance. It is 
thus preferable that the preset level of temperature is 
10 controlled to be not higher than lOO'^C. Under the condi- 
tion that the gaseous fuel on the anode's side is pressu- 
rized and sufficiently moistened, however, the electrolyte 
membrane 1 0 does not excessively dry even at temper- 
atures of higher than 100°C. The preset level of temper- 
15 ature is thus controlled through the on-off operation of 
the heater 803 in an individual carbon monoxide sensor 
801, according to the position of the carbon monoxide 
sensor 801, the required range of measurement of car- 
bon monoxide concentration, and the temperature, pres- 
20 sure, humidity of the gaseous fuel fed to the anode. 

Although the heater 803 is disposed on the side of 
the electrode 12 exposed to the gaseous fuel in the sev- 
enth embodiment, the heater may be arranged on the 
other side exposed to the atmosphere. Since the tem- 
perature of the gaseous fuel is generally higher than the 
temperature of the atmosphere, the arrangement of the 
heater 803 on the side of the electrode 14 exposed to 
the atmosphere requires a greater energy for maintain- 
ing the carbon monoxide sensor 801 at a constant tem- 
perature. 

In the structure of the seventh embodiment, the sen- 
sitivity of detection of the carbon monoxide sensor 801 
is lowered by raising the temperature of the carbon mon- 
oxide sensor 801 by means of the heater 803. The sen- 
sitivity of detection of the carbon monoxide sensor 801 
can be heightened, on the contrary by allowing part of 
coolant in the stack of fuel cells 210 to flow around the 
carbon monoxide sensor 801 so as to lower the temper- 
ature of the cart)on monoxide sensor 801 . In accordance 
with a concrete structure (not illustrated), a flow path is 
set in the insulating member 24 and part of coolant in the 
stack of fuel ceils 210 is led into the flow path. 

The cart>on monoxide sensor 801 of temperature- 
decreasing structure may be applied to the sixth embod- 
iment. In such a case, the cartx)n monoxide sensor 801 
of this structure is used as the first cart>on monoxide sen- 
sor 701 with higher sensitivity of detection. 

A possible modification of the carbon monoxide sen- 
sor 801 is given below. The modification aims at effec- 
tively preventing the catalyst component on the electrode 
12 exposed to the gaseous fuel from being critically poi- 
soned by cartran monoxide of unexpectedly high con- 
centration. The modified carbon monoxide sensor has 
substantially the same structure as that of the carbon 
monoxide sensor 801 of the seventh embodiment, 
except that the former sensor is set at higher tempera- 
tures of MO-^C through 160°C. 

The heightened temperature of the carbon monox- 
ide sensor to 1 40'*C through 1 60**C allows the adsorbed 
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carbon monoxide to be released from the surface of plat- 
inum catalyst on the electrode 12. thereby realizing 
recovery of catalytic activities. Heating by the heater 803 
may continue for about one minute after the temperature 
of the carbon monoxide sensor is raised to ^40°0 
through ISO'^C. 

In a fuel cell generator system including such a car- 
bon monoxide sensor of modified structure, the heater 
803 is activated at one or a combination of the following 
timings: 

(1) at predeternmned time intervals during the oper- 
ation of the fuel cell generator system; 

(2) at every activation of the fuel cell generator sys- 
tem: 

(3) at every stop of the fuel cell generator system; 
and 

(4) at every time when the carbon monoxide sensor 
shows an extremely high concentration of carbon 
monoxide greater than a predetermined level. 

In the carbon monoxide sensor of modified struc- 
ture, the high temperature controlled by means of the 
heater 803 allows carbon monoxide adsorbed by the cat- 
alyst on the electrode 12 to be released, thereby attain- 
ing recovery of catalytic activities and preventing the 
performance of the carbon monoxide sensor from dete- 
riorating. 

Although the cartxjn monoxide sensors used in the 
above embodiments have an electrolyte membrane and 
a plurality of electrodes, any other structure may be appli- 
cable as long as it can measure the concentration of car- 
bon monoxide included in the gaseous fuel. 

The above embodiments are only illustrative and not 
restrictive in any sense. There may be many other mod- 
ifications, alterations, and changes without departing 
from the scope or spirit of essential characteristics of the 
invention. The scope and spirit of the present invention 
are limited only by the terms of the appended claims. 

Claims 

1 . A fuel cell generator comprisi ng : 

a reformer for reforming an original fuel to 
generate a hydrogen-containing gaseous fuel, 

a fuel cell comprising a pair of electrodes with 
a catalyst carried thereon, said fuel cell receiving 
. said gaseous fuel fed to said electrodes thereof and 
generating an electromotive force through an elec- 
trochemical reaction of said gaseous fuel. 

carbon monoxide measurement means for 
measuring concentration of carbon monoxide 
included in said gaseous fuel; and 

reformer operation control means for control- 
ling operation of said reformer according to the con- 
centration of carbon monoxide measured by said 
cartx)n monoxide measurement means, thereby 
decreasing the concentration of carbon monoxide 
included in said gaseous fuel. 



2. A fuel cell generator in accordance with claim 1 , fur- 
ther comprising: 

a first flow path for supplying said gaseous 
fuel to said fuel cell, 
5 a second flow path for discharging a residual 

gas of said gaseous fuel from said fuel cell; and 

wherein said cartx)n monoxide measurement 
means comprises: 

a carbon monoxide sensor disposed in said 
10 second flow path. 

3. A fuel cell generator in accordance with claim 1 . fur- 
ther comprising: 

a first flow path for supplying said gaseous 
15 . fuel to said fuel cell. 

a second flow path for discharging a residual 
gas of said gaseous fuel from said fuel cell; and 

wherein said cart)on monoxide measurement 
means comprises: 
20 a first carbon monoxide sensor disposed in 

said first flow path: 

a second carbon monoxide sensor disposed 
in said second flow path. 

25 4. A fuel cell generator in accordance with claim 1 , 
wherein said carbon monoxide measurement 
means comprises: 

a first carbon monoxide sensor having a first 
sensitivity of detection; and 

30 a second carbon monoxide sensor having a 

second sensitivity of detection, which is different 
from said first sensitivity of detection. 

5. A fuel cell generator in accordance with claim 4. 
35 wherein each of said first carbon monoxide sensor 

and said second carbon monoxide sensor com- 
prises: 

an electrolyte membrane; 
first and second electrodes with a catalyst 
40 carried thereon, said first and second electrodes 
being arranged across said electrolyte membrane; 

a gaseous fuel supply conduit for supplying 
said gaseous fuel to said first electrode; 

an oxygen gas supply conduit for supplying 
45 an oxygen-containing gas to said second electrode; 
and 

potential difference detection means for 
measuring a potential difference between said first 
and second electrodes while a predetermined load 
50 is connected to said first and second electrodes; and 
wherein 

- said first carbon monoxide sensor* includes 
-platinum as said catalyst, and said second carbon 
monoxide sensor includes a platinum-containing 
55 alloy as said catalyst. 

6. A fuel cell generator in accordance with claim 4, 
wherein each of said first carbon monoxide sensor 
and said second carbon monoxide sensor com- 
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prises: 

an electrolyte membrane: 

first and second electrodes with a catalyst 
can-ied thereon, said first and second electrodes 
being arranged across said electrolyte membrane; 5 

a gaseous fuel supply conduit for supplying 
said gaseous fuel to said first electrode; 

an oxygen gas supply conduit for supplying 
an oxygen-containing gas to said second electrode; 
and 10 

potential difference detection means for 
measuring a potential difference between said first 
and second electrodes while a predetermined load 
is connected to said first and second electrodes; and 
wherein J5 

either one of said first cartx)n monoxide sen- 
sor and said second carbon monoxide sensor fur- 
ther comprises temperature control means for 
controlling temperature of said first electrode. 

20 

A fuel ceil generator in accordance with claim 1. 
wherein said reformer comprises: 

a reformer unit for converting methanol and 
water to a reformed gas containing hydrogen and 
carbon dioxide; 25 

a partial oxidizing unit for oxidizing carbon 
monoxide generated as a by-product of said 
reformed gas, and 

said reformer operation control means fur- 
ther comprises: 30 

partial oxidizing unit control means for com- 
paring the concentration of carbon monoxide meas- 
ured by said carbon monoxide measurement means 
with a first preset value, and increasing an air flow 
fed to said partial oxidizing unit when the measured 35 
concentration of carbon monoxide is greater than 
said first preset value. 

A fuel cell generator in accordance with claim 7. fur- 
ther comprising: 40 

a first flow path for supplying said gaseous 
fuel to said fuel cell; and 

a second flow path for discharging a residual 
gas of said gaseous fuel from said fuel cell; and 
wherein said carbon monoxide measurement 45 
means comprises: 

a first cartxDn monoxide sensor disposed in 
said first flow path, for generating a first output rep- 
resenting the concentration of carbon monoxide, 
said first output being compared with said first so 
present value by said partial oxidizing unit control 
means; and 

a second carbon monoxide sensor disposed 
in said second flow path, for generating a second 
output representing the concentration of carbon 55 
monoxide; and wherein 

said fuel cell generator further comprising; 

means for suspending operation of said fuel 
cell when said first output is greater than said first 



preset value and said second output is greater than 
a second preset value, which isgreaterthan said first 
preset value. 

9. A fuel cell generator in accordance with claim 1 . said 
fuel cell generator further comprising: 

gas utilization calculation means for calculat- 
ing adegree of utilization of said gaseous fuel in said 
fuel cell as a gas utilization rate; and 

gas utilization rate decreasing means for 
inactivating said reformer operation control means 
and controlling operation of said reformer to 
decrease the gas utilization rate when said gas uti- 
lization rate is greater than a predetermined level. 

10. A fuel cell generator in accordance with claim 1, 
wherein said carbon monoxide measurement 
means comprises: 

an electrolyte membrane; 

first and second electrodes with a catalyst 
carried thereon, said first and second electrodes 
being arranged across said electrolyte membrane; 

a gaseous fuel supply conduit for supplying 
said gaseous fuel to said first electrode: 

an oxygen gas supply conduit for supplying 
an oxygen-containing gas to said second electrode; 
and 

potential difference detection means for 
measuring a potential difference between said first 
and second electrodes while a predetermined load 
is connected to said first and second electrodes. 

1 1. A method of generating an electromotive force with 
a fuel cell comprising a pair of electrodes with a cat- 
alyst carried thereon, said method comprising the 
steps of: 

(a) reforming an original fuel to generate a 
hydrogen-containing gaseous fuel; 

(b) feeding said gaseous fuel to the electrodes 
of said fuel cell; 

(c) measuring concentration of carbon monox- 
ide included in said gaseous fuel; and 

(d) controlling generation of said gaseous fuel 
in said step (a) according to the concentration 
of carbon monoxide measured in said step (c), 
thereby decreasing the concentration of carbon 
monoxide included in said gaseous fuel. 

1 2. A method in accordance with claim 1 1 . wherein said 
step (c) comprises the steps of: 

'{c-1) measuring concentration of carbon mon- 
oxide included in said gaseous fuel before said 
gaseous fuel is fed to said fuel cell; and 
(c-2) measuring concentration of carbon mon- 
oxide included in said gaseous fuel discharged 
from said fuel cell. 
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1 3. A method in accordance with claim 1 1 , wherein said 
' step (c) comprises the steps of: 

(c-3) detecting carbon monoxide with a first sen- 
sitivity of detection; and 
{c-4) detecting carbon monoxide with a second 
sensitivity of detection, which is different from 
said first sensitivity of detection. 

1 4. A method in accordance with claim 1 3, wherein each 
of said step (c-3) and said step {c-4) further com- 
prises the steps of: 

(c-5) supplying said gaseous fuel to a first elec- 
trode, which is one of two electrodes having a 
catalyst carried thereon and being arranged 
across an electrolyte membrane; 
(c-6) supplying an oxygen-containing oxidizing 
gas to a second electrode, which is the other of 
said two electrodes; and 
(c-7) measuring a potential difference between 
said first and second electrodes while a prede- 
termined load is connected to said first and sec- 
ond electrodes; and wherein 

either one of said step (c-3) and said step 
(c-4) further comprising the step of: 
(c-8) controlling temperature of said first elec- 
trode. 

1 5. A method in accordance with claim 1 1 , wherein said 
step (a) comprises the steps of: 

(a-1) converting methanol and water to a 
reformed gas containing hydrogen and carbon 
dioxide; and 

(a-2) oxidizing carbon monoxide generated as 
a by-product of said reformed gas, said step (d) 
further comprises the steps of: 
(d-1) comparing the concentration of carbon 
monoxide measured in said step (c) with a first 
preset value, and increasing an air flow used in 
said step {a-2) when the measured concentra- 
tion of carbon monoxide is greater than said first 
preset value, 

1 6. A method in accordance with claim 1 5, wherein said 
step (c) further comprises the steps of: 

(c-9) measuring concentration of carbon mon- 
oxide included in said gaseous fuel before said 
gaseous fuel being fed to said fuel cell; said con- 
centration of carbon monoxide being compared 
with said first present value in said step (d-1); 
and 

(c-10) measuring concentration of carbon mon- 
oxide included in said gaseous fuel discharged 
from said fuel cell. 

said method further comprising the step 

of: 
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(e) suspending operation of said fuel cell when 
the concentration of carbon monoxide meas- 

' ured in said step (c-9) is greater than said first 
preset value and the concentration of carbon 
monoxide measured in said step (c-10) is 
greater than a second preset value, which is 
greater than said first preset value. 

1 7. A method in accordance with claim 1 1 . said method 
further comprising the steps of: 

(f) calculating a degree of utilization of said gas- 
eous fuel in said fuel cell as a gas utilization rate; 
and 

(g) interfering with control in said step (d) and 
controlling generation of said gaseous fuel in 
said step (a) to decrease the gas utilization rate 
when the gas utilization rate calculated in said 
step (f) is greater than a predetermined level. 

1 8. A method in accordartce with claim 1 1 , wherein said 
step (c) comprises the steps of: 

• (c-1 1 ) supplying said gaseous fuel to a first elec- 
trode, which is one of two electrodes having a 
catalyst carried thereon and being arranged 
across an electrolyte membrane; 
{c-1 2) supplying an oxygen-containing oxidizing 
gas to a second electrode, which is the other of 
said two electrodes; and 
(c-1 3) measuring a potential difference between 
said first and second electrodes while a prede- 
termined load is connected to said first and sec- • 
ond electrodes. 
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